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gradually extinguished and set a monetary award as payment for the land.  In 1976, the Commission
entered its final award to the Western Shoshone people, who dispute the Commission findings and have
not accepted the monetary award for the lands in question.  They maintain that a settlement has not been
reached (the U.S. Treasury is holding these monies in an interest-bearing account) and that Yucca
Mountain is on Western Shoshone land.  A 1985 U.S. Supreme Court decision (DIRS 148197-United
States v. Dann 1985, all) ruled that even though the money has not been distributed, the United States has
met its obligations with the Commission’s final award and, as a consequence, the aboriginal title to the
land had been extinguished.

3.1.2  AIR QUALITY AND CLIMATE

The region of influence for air quality is an area within a radius of about 80 kilometers (50 miles) around
the site of the proposed repository and at the boundaries of controlled lands around Yucca Mountain.
This region encompasses portions of Esmeralda, Clark, Lincoln, and Nye Counties in Nevada and a
portion of Inyo County, California.  To determine the air quality and climate for the Yucca Mountain
region, DOE site characterization activities have included the monitoring of air quality and
meteorological conditions.  The Department has monitored the air for gaseous criteria pollutants (carbon
monoxide, nitrogen dioxide, ozone, and sulfur dioxide) and for particulate matter.  This section describes
the existing air quality and climate at the proposed repository site and in the surrounding region.
Sections 3.1.2.1 and 3.1.2.2 describe the air quality and climate, respectively.  Unless otherwise noted, the
Environmental Baseline File for Meteorology and Air Quality (DIRS 102877-CRWMS M&O 1999, all) is
the basis for the information provided in this section.

3.1.2.1  Air Quality

Air quality is determined by measuring concentrations of certain pollutants in the atmosphere.  The U.S.
Environmental Protection Agency designates an area as being in attainment for a particular pollutant if
ambient concentrations of that pollutant are below National Ambient Air Quality Standards (Table 3-5).
(Ambient air is that part of the atmosphere outside buildings to which the general public has access.)  The
Environmental Protection Agency established the national standards, as directed by the Clean Air Act, to
define levels of air quality that are necessary, with an adequate margin of safety, to protect the public
health (primary standards) and the public welfare (secondary standards).  The standards specify the
maximum pollutant concentrations and frequencies of occurrence for specific averaging periods.

Areas in violation of one or more of these standards are called nonattainment areas.  If there are not
enough air quality data to determine the status of attainment of a remote or sparsely populated area, the
area is listed as unclassified.  For regulatory purposes, unclassified areas are considered to be in
attainment.

Section 176(c)(1) of the Clean Air Act requires Federal agencies to ensure that their actions conform to
applicable implementation plans for achieving and maintaining National Ambient Air Quality Standards
for criteria pollutants.  In addition, this section of the Act assigns primary oversight responsibility to the
agencies, not to the Environmental Protection Agency or the States.  Specifically, for there to be
conformity, a Federal action must not contribute to new violations of standards for ambient air quality,
increase the frequency or severity of existing violations, or delay timely attainment of standards in the
area of concern (for example, a State or a smaller air quality region).  The Environmental Protection
Agency general conformity regulations (40 CFR 93, Subpart B) contain guidance for determining if a
proposed Federal action would cause emissions to be above certain levels in locations designated as
nonattainment or maintenance areas.  In this case, a maintenance area is a region that was previously in
nonattainment, but which has been redesignated to an attainment area with a requirement to develop a
maintenance plan.
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Table 3-5.  National and Nevada ambient air quality standards.a

Primary and Secondary NAAQS,b   

except as noted 
Pollutant Period Concentration 

Highest measured 
Yucca Mountain 
concentrationc 

Nevada 
standardsd 

Sulfur dioxide Annuale 0.03 part per million 0.002 
 24-hourf 0.14 part per million 0.002 
Sulfur dioxide (secondary) 3-hourf 0.5 part per million 0.002 

Same 

PM10
g Annualh 50 micrograms per cubic meter 12 Same 

 24-houri 150 micrograms per cubic meter 67  
PM2.5

j Annualh 15 micrograms per cubic meter N/Ak None 
 24-hourl 65 micrograms per cubic meter N/A  
Carbon monoxide 8-hourf 9 parts per million 0.2 Samem 
 1-hourf 35 parts per million 0.2 Same 
Nitrogen dioxide Annuale 0.053 part per million 0.002 Same 
Ozone 1-hourn 0.12 part per million 0.1 Same 
 8-houro 0.08 part per million N/A None 
 a. Sources:  40 CFR 50.4 through 50.11; Nevada Administrative Code 445B.391.

b. NAAQS = National Ambient Air Quality Standard.
c. Units correspond to the units listed in the concentration column.
d. Nevada Administrative Code 445B.391.
e. Average not to be exceeded in the period shown.
f. Average not to be exceeded more than once in a calendar year.
g. PM10 = particulate matter with a diameter less than 10 micrometers (0.0004 inch).  Until the revised State Implementation

Plan is approved, 40 CFR 50.6 applies; then 40 CFR 50.7 would apply.
h. Expected annual arithmetic mean should be less than value shown.
i. Number of days per calendar year exceeding this value should be less than 1.  Under 40 CFR 50.7, 99th-percentile value

should be less than value shown.
j. PM2.5 = particulate matter with a diameter less than 2.5 micrometers (0.0001 inch).  Standard has not been implemented.
k. N/A = not available; no monitoring data has been collected since the new standard was implemented.
l. 98th-percentile value should be less than value shown.
m. The Nevada ambient air quality standard for carbon monoxide is 9 parts per million at less than 1,500 meters (4,900 feet)

above mean sea level and 6 parts per million at or above 1,500 meters; Nevada Administrative Code 445B.31.
n. This standard was replaced in 1998 by 40 CFR 50.10 for all air quality regions of interest.
o. Standard promulgated in 1997, but not yet implemented due to court challenges. Three-year average of the fourth-highest

monitored daily maximum 8-hour average concentration.

The quality of the air at the site of the proposed repository and the surrounding parts of the Nevada Test
Site, Nellis Air Force Range (including southwestern Lincoln County), southwestern Esmeralda County,
and southern Nye County is unclassified because there are limited air quality data (40 CFR 81.329).  Data
collected at the site indicate the air quality is within applicable standards.  Portions of Clark County in the
air quality region of influence are in attainment with the National Ambient Air Quality Standards.  Inyo
County, California, is in attainment with national and California ambient air quality standards for carbon
monoxide, nitrogen dioxide, and sulfur dioxide.  It is in attainment with the national PM10 standard, but in
nonattainment with the more restrictive California standard (DIRS 103161-CEPA 1998, pp. H6 to H35).
Outside the repository air quality region of influence, most of Nevada is unclassified and therefore in
attainment.  There are Nevada exceptions; Reno and Las Vegas are both in nonattainment for carbon
monoxide and PM10 and the Lake Tahoe basin is in nonattainment for carbon monoxide.  In addition, the
Reno area is in nonattainment for ozone.  Section 3.2.2 contains additional air quality information.

Air quality in attainment areas is controlled under the Prevention of Significant Deterioration program of
the Clean Air Act, with the goal of preventing significant deterioration of existing air quality.  Under the
Prevention of Significant Deterioration provisions, Congress established a land classification scheme for
areas of the country with air quality better than the National Ambient Air Quality Standards.  Class I
allows very little deterioration of air quality; Class II allows moderate deterioration; and Class III allows
more deterioration; but in all cases the pollution concentrations shall not violate any of the National
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Ambient Air Quality Standards.  Congress designated certain areas as mandatory Class I, which precludes
redesignation to a less restrictive class, to acknowledge the value of maintaining these areas in relatively
pristine condition.  Congress also protected other nationally important lands by originally designating
them as Class II and restricting redesignation to Class I only.

All other areas were initially classified as Class II, and can be redesignated as either Class I or Class III.
In the region of influence, all areas are designated as Class II.  There are no Class I areas, although one
area, the Death Valley National Park, is a national monument and a protected Class II area that could be
redesignated as Class I (DIRS 148117-EPA 1998, all; DIRS 148119-EPA 1997, all).  It is about
35 kilometers (22 miles) southwest of Yucca Mountain.

The construction and operation of a facility in an attainment area could be subject to the requirements of
the Prevention of Significant Deterioration program if the facility received a classification as a major
source of air pollutants.  At present, the proposed repository site and the Nevada Test Site have no
sources subject to those requirements (DIRS 101811-DOE 1996, p. 4-146).

As part of Yucca Mountain site characterization, DOE obtained an air quality operating permit from the
State of Nevada (DIRS 104920-Del Porto 1996, all).  The permit places specific operating conditions on
various systems that DOE uses during site characterization activities.  These conditions include limiting
the emission of criteria pollutants, defining the number of hours a day and a year a system is allowed to
operate, and determining the testing, monitoring, and recordkeeping required for the system.

In 1997, the Environmental Protection Agency issued new National Ambient Air Quality Standards for
ozone and particulate matter.  The new standard for particulate matter (40 CFR 50.7) includes fine
particles in the respirable range with diameters smaller than 2.5 micrometers (see Table 3-5).  The
implementation of this new standard applies to all areas, but initial monitoring will focus on urban areas
because (1) this pollutant comes primarily from combustion (auto exhaust, etc.) rather than fugitive dust
sources (windblown dust, etc.) and (2) the first priority for monitoring programs is the assessment of
densely populated areas.  The new (1997) standard for ozone included revoking the 1-hour ozone
standard for all counties in the United States with no current measured violations, including all of Nevada
and the region around Yucca Mountain, and replacing it with a new 8-hour ozone standard.  The new
particulate and ozone standards were challenged in court and subsequently overturned by a Federal
appeals court (DIRS 148090-American Trucking Associations v. U.S. Environmental Protection Agency
1999, all).  As a result, the Environmental Protection Agency reinstated the 1-hour ozone standard in July
2000.  However, early in 2001 the U.S. Supreme Court upheld the ability of the Environmental Protection
Agency to set national air quality standards (DIRS 156704-Whitman v. American Trucking Associations
2001, all).  Following its ruling, the Supreme Court remanded the case back to the appeals court to
resolve all outstanding issues in light of its opinion.  Implementation of the standards is delayed pending
resolution of implementation details and some additional legal issues.

In 1989, DOE began monitoring particulate matter at the site of the proposed repository as part of site
characterization activities and later as part of the Nevada Air Quality operating permit requirements.
Concentration levels of inhalable particles smaller than 10 micrometers in diameter have been well below
applicable National Ambient Air Quality Standards, with annual average concentrations 20 to 25 percent
of the standard (see Table 3-5).

From October 1991 through September 1995, DOE monitored the site of the proposed repository for
gaseous criteria pollutants (carbon monoxide, nitrogen dioxide, ozone, and sulfur dioxide) as part of site
characterization.  The concentration levels of each pollutant were well below the applicable National
Ambient Air Quality Standards (see Table 3-5).  In fact, concentrations of carbon monoxide and sulfur
dioxide were not detectable during the entire monitoring period.  Nitrogen dioxide was detected
occasionally at concentrations of a few parts per billion (around 0.002 part per million) by volume,
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probably from nearby vehicle exhausts, about 4 percent of the applicable annual average standard (see
Table 3-5).  Ozone was the only criteria pollutant routinely detected; the maximum hourly concentrations
were 0.081 to 0.096 part per million, which is 67 to 80 percent of the 1-hour regulatory standard.  The
source of the ozone has not been determined, but could be urban areas in southern California.

3.1.2.2  Climate

The Yucca Mountain region has a relatively arid climate, with annual precipitation totals ranging between
approximately 10 and 25 centimeters (4 and 10 inches) per year (DIRS 101779-DOE 1998, Volume 1,
p. 2-29).  Precipitation at a given location depends on nearby topographic features.  The winter season is
mild, with some periods of below freezing temperatures.  Occasional periods of persistent rain have
produced more than 5 centimeters (2 inches) of rainfall in daily periods.  The summer season is typically
hot and dry, with occasional periods of monsoon thunderstorms producing locally large amounts of rain.
Storms can produce more than 2.5 centimeters (1 inch) of rain in a matter of hours.

Mean nighttime and daytime air temperatures typically range from 22°C to 34°C (72°F to 93°F) in the
summer and from 2°C to 10.5°C (34°F to 51°F) in the winter (DIRS 100117-CRWMS M&O 1997,
pp. A-1 to A-16).  Temperature extremes range from -15°C to 45°C (5°F to 113°F).  On average, the daily
range in temperature change is about 10°C (18°F).  Higher elevations are cooler, though the coldest areas
can be in canyons and washes to which heavy cold air flows at night.  Relative humidity levels range
from about 10 percent on summer afternoons to about 50 percent on winter mornings and to near
100 percent during precipitation events.

In the valleys, airflow is channeled by local topography, particularly at night during stable conditions
(DIRS 100117-CRWMS M&O 1997, p. 4-13 to 4-16).  With the exception of the nearby confining terrain,
which includes washes and small canyons on the east side of Yucca Mountain, local wind patterns have a
strong daily cycle of daytime winds from the south and nighttime winds from the north.  Confined areas
also have daily cycles, but the wind directions are along terrain axes, typically upslope in the daytime and
downslope at night.  Wind direction can also vary with height.  As shown in Figure 3-3, the winds at a
height of 60 meters (200 feet) show a strong north-south flow up and down the valley.  The winds at
10 meters (33 feet) show a strong southerly flow, but at night the wind pattern reflects more of the
drainage flow downslope from Yucca Mountain.  Hourly average wind speeds are usually greater than
1.8 meters a second (4 miles an hour), indicating few calm periods.  Over the entire monitoring network,
the average wind speed ranges from 2.5 to 4.4 meters a second (5.6 to 9.8 miles an hour); the fastest
1-minute wind speeds range from 19 to 33 meters a second (42 to 74 miles an hour); and the peak gusts
range from 26 to 38 meters a second (59 to 86 miles an hour).  The highest wind speeds typically occur
on exposed ridges.

Severe weather can occur in the region, usually in the form of summer thunderstorms.  These storms can
generate an abundant amount of lightning, strong winds, and heavy and rapid precipitation.  Tornadoes
can occur, though they are not a substantial threat in the region; four have been recorded within
240 kilometers (150 miles) of the site of the proposed repository during the past 53 years, and one
occurred in 1987 in the Amargosa Desert about 50 kilometers (30 miles) south of the site (DIRS 100117-
CRWMS M&O 1997, p. 4-26).

Paleoclimatology.  Climate studies and analyses pursued as part of the Yucca Mountain project have
also included paleoclimatology, which is the study of ancient climates.  These studies looked at time
scales as large as hundreds of millennia.  The primary assumption associated with paleoclimatology
efforts is that climate is cyclical so that past climates provide insight into potential future climates (DIRS
151945-CRWMS M&O 2000, p. 6.4-2).  The efforts have incorporated studies of the Earth’s orbital and
global circulation parameters and how those parameters have affected ancient climates in the Yucca
Mountain region.  Orbital parameters include theories that the shape of the Earth’s orbit and the “wobble”



Figure 3-3.  Wind rose plots for 10 and 60 meters (33 and 200 feet) above ground in the proposed
	 repository facilities vicinity.
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in its axial spin change in cycles that repeat over tens and hundreds of millennia (DIRS 151945-CRWMS
M&O 2000, p. 6.3-4).  Correlations have been made between these global position changes and long
duration traces, or evidence, of paleoclimate conditions in the region.  Two of the primary sources of this
evidence are calcite deposited on the walls of rock fractures at Devils Hole in Nevada and lake deposits at
the historic Owens Lake location in California.  In these examples, analysis of residues left behind has
provided insights into climate conditions as far back as 600,000 to 850,000 years ago (DIRS 151945-
CRWMS M&O 2000, pp. 6.3-9 and 6.3-12).

Climate regimes believed to have existed in Yucca Mountain’s past, and therefore that should occur in its
future, have been grouped into the following categories:  (1) a warm and dry, modern-like interglacial
climate; (2) a warm and wet monsoon climate; (3) an intermediate glacial transition climate; and (4)
glacial periods (DIRS 151945-CRWMS M&O 2000, pp. 6.4-11 and 6.4-17).  The driest of these climate
groupings is the modern-like interglacial climate and (as indicated by its name) represents the climate
currently being experienced at Yucca Mountain.  Characteristics of these climate regimes and postulated
future durations are included as input parameters to the long-term performance assessment modeling
performed for the site (DIRS 153246-CRWMS M&O 2000, pp. 3-38 to 3-42).

3.1.3  GEOLOGY

DOE has studied the existing physiographic setting (characteristic landforms), stratigraphy (rock strata),
and geologic structure (structural features resulting from rock deformations) at Yucca Mountain and in
the surrounding region.  These studies have yielded detailed information about the surface and subsurface
features in the region.  This section describes the region of influence for geology, which includes the
baseline conditions of the region’s geology as well as the specific geology of Yucca Mountain.  DOE
investigated seismicity (earthquake activity) in the Yucca Mountain region; the investigations focused on
understanding the Quaternary history of movement on faults in the region and the historic record of
earthquake activity.  The Department also investigated volcanoes in the Yucca Mountain region to assess
the potential for volcanism to result in adverse effects to a repository.  In addition, DOE considered the
possibility that there might be minerals and energy resources at or near the site of the proposed repository.

3.1.3.1  Physiography (Characteristic Landforms)

Yucca Mountain is in the southern part of the Great Basin subprovince of the Basin and Range
Physiographic Province (Figure 3-4), a region characterized by generally north-trending, linear mountain
ranges separated by intervening valleys (basins) (DIRS 151945-CRWMS M&O 2000, p. 2.2-1).  The
Great Basin encompasses nearly all of Nevada plus parts of Utah, Idaho, Oregon, and California.
Mountain ranges of the Great Basin, including Yucca Mountain, are mostly tilted, fault-bounded crustal
blocks that are as much as 80 kilometers (50 miles) long and 8 to 24 kilometers (5 to 15 miles) wide.
Ranges typically rise from 300 to 1,500 meters (1,000 to 4,900 feet) above the adjacent valley floors and
occupy 40 to 50 percent of the total land area (DIRS 151945-CRWMS M&O 2000, pp. 4.4-1 and 4.4-2).

Valleys between the mountain ranges are filled with alluvial sediments (deposits of sand, mud, and other
such materials formed by flowing water) from the adjacent ranges.  Many valleys are called closed basins
because they, like the Great Basin on a regional scale, lack a drainage outlet (DIRS 151945-CRWMS
M&O 2000, p. 2.2-1).  Water and sediment from adjacent ranges become trapped and move to the lowest
part of such valleys to form a playa, a flat area that is largely vegetation-free owing to high salinity, which
results from evaporation of the water.  Valleys with drainage outlets have intermittent stream channels
that carry eroded sediment to lower drainage areas.

The present landscape, distinguished by the broad series of elongated mountain ranges alternating with
parallel valleys, is the result of past episodes of faulting that elevated the ranges above the adjacent
valleys.  Section 3.1.3.2 addresses such faulting.  Yucca Mountain is an irregularly shaped volcanic


